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The use of SU(3) chiral perturbation theory in the analysis of
low energy meson-baryon interactions is discussed. It is emphasized
that short distance eects, arising from propagation of Goldstone
bosons over distances smaller than a typical hadronic size, are model-
dependent and lead to a lack of convergence in the SU(3) chiral ex-
pansion when regularized dimensionally. In this paper we demonstrate
how to remove such eects in a chirally consistent fashion by use of
a cuto and demonstrate that such removal ameliorates convergence
problems which arise from large loop eects.




The low energy phenomenology of baryons is relatively simple. In the 1960’s,
this simplicity was evidenced by the successes of SU(3) symmetry. Indeed,
masses and couplings can be well described by SU(3) invariant interactions
with SU(3) breaking at the 5 - 25% level. In the present era we have come
to understand this invariance in terms of QCD and the underlying quark
substructure of baryons|SU(3) relations work because the eects of the s-u-
d mass splittings are relatively small. Moreover, the quark model even allows
us to understand many details of the pattern of SU(3) symmetry breaking.
Overall, most features of the static properties of baryons are reasonably well
understood.
It has also been realized that the old SU(3) results represent merely the
lowest order terms of an expansion in energy and quark masses in a rigorous
eective eld theory framework which exploits the (broken) SU(3)LSU(3)R
chiral symmetry of the QCD Lagrangian. The higher order terms in this
expansion can be calculated via the technique called \chiral perturbation
theory", which has already been highly developed and successfully applied
within the sector of Goldstone boson interactions.[1] In the related case of
baryon-Goldstone interactions, there has also been a great deal of activity
using methods generalized from the purely mesonic situation.[2]
However, the problem is that traditional SU(3) baryon chiral perturba-
tion theory does not appear to work well. As generally applied, it does not
manifest the approximate SU(3) symmetry that we see in the real world, in
that SU(3) breaking corrections in loop diagrams often appear at the 100%
level. It is particularly distressing that these eects come from the most
apparently model-independent parts of the theory|the nonanalytic chiral
loops. With some parameter tting, these eects can be adjusted for by
positing equally large eects from the eective Lagrangian at higher order in
the chiral expansion. However, this leads to problems with convergence of
the predictions. The simplicity evident in baryon physics has become lost. In
its conventional manifestation then, SU(3) baryon chiral perturbation theory
does not represent a good rst approximation to baryon physics.
In this paper we will suggest a resolution to this problem in terms of
a reformulation of baryon chiral perturbation theory within a framework
which is better suited to phenomenological applications. Before we turn
to a diagnosis, let us, however, demonstrate the nature of the problem by
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quoting several pertinent results. In each case we defer the specics of the
chiral analysis until later in the paper and simply quote results in order to
convince the reader that a problem exists.
i) Baryon masses can be understood by noting that the quark mass non-
degeneracy arises from a component of LQCD which can be represented
in terms of a Lorentz scalar SU(3) octet q8q operator. To rst order
in symmetry breaking one can then write the baryon octet masses in
terms of an SU(3) invariant term M^0 plus octet fm; dm couplings|













M = M^0 − 4m
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dm







Since the four octet baryon masses are represented in terms of eec-









Expt: : 254MeV = 248MeV (2)
which is satised experimentally at the 3% level.
When analyzed in chiral perturbation theory, however, this simplicity
is lost. At one loop|O(q3)|order the chiral loop corrections are found
to be extremely large[4]
MN = −0:31 GeV; M = −0:67 GeV;
M = −0:66 GeV; M = −1:02 GeV (3)
such that, e.g. the  mass receives a 100% correction. This calcula-
tion has been carried out to|O(q4)|by Borasoy and Meissner[5], who
quote their results as
MN = M(1 + 0:34− 0:35 + 0:24)
M = M(1 + 0:81− 0:70 + 0:44)
M = M(1 + 0:69− 0:77 + 0:54)
M = M(1 + 1:10− 1:16 + 0:78) (4)
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where the non-leading terms above refer to the contribution from O(q2)
counterterms, nonanalytic pieces of O(q3), and O(q4) counterterms re-
spectively. Obviously, the contribution from higher order terms is far
larger than we expect and the series does not display obvious conver-
gence. Also, the Gell-Mann-Okubo deviation is found to be ve times
larger than experiment.
ii) Baryon axial couplings can be related by noting that the weak axial
current arises from an SU(3) octet q0γγ5q structure. Thus to leading
order in SU(3) the various weak matrix elements can be represented
in terms of simple fA; dA couplings. A t to the ten experimentally
measured semileptonic hyperon decay rates is found to yield reasonable
results, with 2= d.o.f.  1. SU(3) breaking in the decay rates is
noticeable, but the amount of SU(3) breaking is never above 5%.[6]
One can explore quark models and nd that they generate breaking
that is of about this magnitude, and the challenge then is to t the
pattern of breaking.
When chiral loops are calculated,[7] one nds logarithmic dependence
on the meson masses that leads to signicant SU(3) breaking. Typically
these eects are too large. Numerically, choosing a renormalization
scale   1 GeV, typical leading log corrections are found to be at the
30-50% level and a t to the experimental hyperon decay rates nds
a much increased chi-squared|the chiral corrections go in the wrong
direction!
iii) S-wave nonleptonic hyperon decay amplitudes can be related by using
the feature that the octet component of the weak Hamiltonian is dom-
inant over its 27-dimensional counterpart by a factor of twenty or so,
plus using chiral symmetry to relate the experimental pion decay am-
plitudes to simpler baryon to baryon matrix elements. This allows a t
in terms of octet fw; dw parameters: Such a representation yields a very
good t to the experimental amplitudes in that the two independent
predictions:1
A(++) = 0 vs: 0:13 10
−7 (expt:)
p




−) = 0 vs: 0:11 10
−7 (expt:) (5)
1Note that the second of these results is the Lee-Sugawara sum rule.[8]
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are, since the typical size of an s-wave amplitude is  4  10−7, both
reasonably well satised by the data. 2
In baryon chiral perturbation theory, the chiral loop corrections to in-
dividual terms are found to be at the 30-50% level,[7] and a large cor-






−)  −6:4 10
−7 (6)
which is in considerable disagreement with the experimental number.
The other lowest order prediction|A(++) = 0|is not aected by chi-
ral logarithms.
One can also see the problem with chiral convergence of individual
terms. Indeed, a comprehensive analysis of the problem up to second
order counterterms has given[9]
A(00) = 2:35(1 + 0:62− 0:65) 10
−7
A(+0 ) = 3:09(1 + 0:30− 0:32) 10
−7
A(++) = 0 10
−7
A(00) = 3:06(1 + 0:40− 0:36) 10
−7 (7)
where the various contributions are from lowest order, nonanalytic com-
ponents, and next order counterterms respectively.
iv) Hyperon magnetic moments can be related to one another since they
arise from an SU(3) octet q0γq structure. Then to leading order the
moments can be written in terms of simple f; d couplings|



















2It is, of course, possible to apply a similar analysis to the corresponding P-wave
amplitudes. However, in this case the leading piece of each amplitude involves a signicant
cancellation from from pairs of baryon pole diagrams, so that there is large and very model
dependent sensitivity to higher order chiral contributions. Thus we do not analyze this
case.
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The experimental moments are in approximate (but not outstanding)
agreement with these predictions. (Although it is not relevant for our
considerations here we note that the heavier mass, and hence smaller
magnetic moment, of the strange quark explains most of the observed
SU(3) breaking.)
Again the chiral corrections are large and harmful. Numerically, picking
a renormalization scale  = 1 GeV, the nonanalytic corrections are at
the 50-90% level, and make enormous modications of the lowest order
results. As shown by Caldi and Pagels, there remain three relations,
which are independent of these corrections and are in fact reasonably
well satised by the experimental numbers:[10]
+ = −2−−; 0 +−+n = 2−p; −
p
3 = 0 +n
(9)
However, other relations pose signicant problems for experimental
agreement. Meissner and Steininger have performed a O(q4) analysis of
the problem and have shown that it is possible to get good agreement
via a careful choice of counterterms.[11] The convergence of the chiral
expansion is again a possible problem, as the contributions of terms of
successive orders is found to be
p = 4:69(1− 0:57 + 0:16) = 2:79
n = −2:85(1− 0:36 + 0:03) = −1:91
+ = 4:69(1− 0:72 + 0:24) = 2:46
0 = 1:43(1− 0:93 + 0:38) = 0:65
− = −1:83(1− 0:41 + 0:04) = −1:16
 = 2:47(1− 0:57 + 0:18) = 1:51
0 = −2:85(1− 0:95 + 0:39) = −1:25
− = −1:83(1− 0:57 + 0:18) = −0:65 (10)
We see in each case then that the chiral corrections are large and in each
situation the leading nonanalytic components destroy the good experimental
agreement which exists at lowest order. There is something clearly ineective
about this procedure. For a technique that has aspirations of rigor, this is
a dismaying situation We will show below that the problem resides in a
spurious short-distance contribution that appears in loop diagrams when
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they are regularized dimensionally. We propose that we should keep only
the long distance parts of the loops, and propose a cuto regularization that
accomplishes this.
In the next section then we discuss the technical details of how the cuto
method can be eected. In the following sections, we analyze the results of
the cuto regularization procedure on the problems outlined above and show
that in each case the nonanalytic chiral corrections are now under control.
We summarize our ndings in a concluding section.
2 Eective Field Theory with a Cuto
Eective eld theory is a technique for describing the low energy limit of a
theory. It is the \eective" description because it uses the degrees of freedom
and the interactions which are correct at low energy. All of the features of
the high energy portion of the theory are captured in the parameters of a
general local eective Lagrangian which describes the low energy vertices.
Using these interactions one treats the low energy dynamics in a complete
eld theoretic description.
Within such a treatment, one encounters loop diagrams, in which the
integration over the momenta includes both low energy and high energy
components. While the low energy portion is fully correct within the eec-
tive theory, the high energy portion is not. One might worry then about
the inclusion of such incorrect high-energy/short-distance physics present in
loops. However, this is not a problem in general since this high energy eect
has the same structure as the terms in the general local Lagrangian, meaning
that any incorrect loop contribution can be corrected for by a shift of the
parameters of the Lagrangian. As an example, the ultraviolet divergences in
the eective theory are all absorbed by dening renormalized parameters.
In practice, there is a situation where such loop eects can cause problems.
This occurs if the residual short distance contributions are large even after
renormalization. A large and incorrect short distance can still be removed
by the adjustment of parameters, but those parameters must consequently
also be large. We then obtain an expansion which is of the form
M  M0(1− 1 + 1− 1 + ::::) (11)
where each term in the expansion is sizeable and there is no clear conver-
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gence. If one were able to carry out the process to all orders, one would, of
course, still get the right answer. However, at any nite order, the incorrect
short-distance phyiscs in loops has obscured the answer and the expansion
is useless. While not formally \wrong", this procedure is ineective, which
is certainly a poor trait for an eective eld theory.
In SU(3) baryon chiral perturbation theory, exactly this situation occurs
when the theory is regularized dimensionally. We will show that the poor
convergence described in the introduction follows largely from the short-
distance component of loop diagrams. In order to provide a more eective
description, we will reformulate the theory using a cuto which retains only
the reliable|long-distance|portion of loop diagrams. This will result in a
greatly improved convergence. Eective eld theory is even more eective
with a long-distance regularization scheme!
In order to accept only the model-independent low-energy/long-distance
portion of chiral loops, we will employ a momentum-space cuto dened in
the rest frame of the baryon. Although this is a procedure which is highly
compatible with the spirit of eective eld theory, it is not a common part
of the standard machinery of chiral theories. Therefore some explanation of
the key features is important.
The loop integrals will often depend strongly on the value of the cuto,
and we will encounter integrals with 3, 2,  and ln dependences, where 
represents the momentum space cuto. However, this does not mean that the
resulting physics will depend on the cuto this strongly. Indeed the leading
terms in  have a chiral SU(3) dependence which is the same as the various
terms in the eective Lagrangian. Therefore, in physical processes one can
absorb this  dependence into a renormalized value of these parameters, e.g.





for some specic coecient ci. (Here γi is a number to be calculated in the
renormalization process.) All phenomenology can be expressed in terms of
the renormalized parameters and the strong 2 depencence of this example
would have vanished.
In baryon chiral perturbation theory, the transition between short and
long distance occurs around a distance scale of 1 fermi, or a momentum
scale of 200 MeV. This corresponds to the measured size of a baryon and
we will refer to it as the separation scale. The eective eld theory treats the
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baryons and pions as point particles. This is appropriate for the very long
distance physics - the \pion tail" is independent of whether the baryon is
treated as a point particle or an extended object. However, for propagation
at distances less then the separation scale, the point particle theory is not an
accurate representation of the physics. The composite substructure becomes
manifest below this point.
Of course, the cuto  should not be taken so low in energy that it
removes any truly long distance physics. Also, while it can in principle be
taken much larger than the separation scale, this will lead to the inclusion
of spurious short distance physics which can upset the convergence of the
expansion. It is ideal to take the cuto slightly above the separation scale so
that all of the long distance physics, but little of the short distance physics,
is included.
There is one special feature involved in doing chiral perturbation the-
ory with a cuto instead of dimensional regularization. This involves an
occasional change in the Feynman rules due to the presence of derivative
couplings. The analysis of this aspect goes back to a classic paper on the
subject, Ref.[12]. Recall that in the canonical construction of a eld theory,





When the interaction piece of the Lagrangian involves time derivatives, the
canonical momenta will also carry portions of the interaction so that in form-
ing the Hamiltonian, the interaction Hamiltonian will no longer be simply the
negative of the interaction Lagrangian. Since perturbation theory and the
Feynman rules are formulated from the interaction Hamiltonian, the canon-
ical formalism will involve some modied (and non-covariant) vertices. At
the same time, the presence of time derivatives in interactions will act on the
time ordering in propagators to produce further non-covariant contributions
to loop processes [12]. These modications do not always cancel but can
leave a residual interaction. While one can simply calculate this using the
straightforward but clumsy canonical formalism, the authors of Ref.[12] show
that one can use the naive rules if one adds a specic contact interaction pro-
portional to 4(0) to the Feynman rules of the mesonic part of the theory.
When using dimensional regularization, one of the peculiarities is that the
regularized value of 4(0) is equal to zero. Therefore the contact interaction
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vanishes and we may proceed using the naive Feynman rules when calculating
dimensionally. However, with a momentum-space cuto, one has 4(0)  4
and one gets a nontrivial modication quartic in the cuto. This influences
the purely mesonic sector of the theory. We have veried, however, that the
baryonic processes that we consider are not modied by this feature at the
order that we are working.
In the next section we focus on the specic Feynman integrals that arise
in baryonic calculations. Our goal is to understand the role of loops in eec-
tive eld theory by separating the short-distance and long-distance physics
within the loop integral. The use of a cuto will allow us to show that the
long distance physics is well behaved, and that dimensional regularization
in practice contains large short distance contributions for these particular
integrals. We then explore several specic cases of the physics of loop pro-
cesses in baryon chiral perturbation theory. Our procedure in each case is
the same. We take the known results of a standard analysis of the one-loop
amplitudes and re-express it in terms of the Feynman integrals that we have
analysed. We then show how the renormalization procedure is accomplished
with a cuto, absorbing the leading cuto dependence into renormalized pa-
rameters. In each case this reproduces the standard analysis for small values
of the mesonic masses. Finally we turn to the realistic case of the physical
meson masses and a nite cuto. In this situation, the presence of the cuto
only permits the long distance loop eects, and this leads to the much more
moderate eect of loops compared to the results quoted in the introduction.
3 Anatomy of Feynman integrals
We begin by performing an autopsy on a particular Feynman integral that










where the right hand side simply denes the function I(m). When regularized




This integral is uniquely the source of nonanalytic corrections to baryon
masses.
Some comments about the dimensionally regularized form are instructive.
i) The Feynman integral is cubicly divergent at high energy. However a
peculiarity of the dimensionally regularized form is that the result is
nite. This is not a problem and occurs at other times in dimensional
regularization. However, it is one indication that this regularization
scheme implies a particular short distance subtraction, which will in
general leave behind nite eects from short distance.
ii) The only scale in the integral is the meson mass m. Therefore the
relevant momenta in the integral all scale with m also. In the limit
that m is very large, all of the relevant momenta correspond to high-
energy/short-distance. This is an indication that as m grows the di-
mensionally regularized integral becomes totally dominated by short
distance physics|below the separation scale.
iii) If we are interested in only the long distance component of the integral,
this portion would fall o with increasing mass. At large m the meson
progagator could be approximated by a constant (e.g as we do for the
W- boson mass in low energy weak interactions) and the low energy
portion of the integral would fall as 1=m2.
iv) We would expect that the long distance portion of the integral would
be largest for the smallest meson masses, and greatest for masssless
Goldstone bosons. However the form Eq. 14 vanishes for massless
particles and is very small for small meson masses.
These are all indications that an overall subtraction has taken place which
confuses short and long distance physics. We cannot count on the dimen-
sionally regularized form to yield only long distance physics|an implicit
short-distance contribution is carried along also.
Now let us look at the long distance component of the integral only. In-
deed it is possible to remove the oending short distance components by use
of a cuto regularization, as we demonstrated in ref. [13]. Although an ex-
ponential cuto in three-momentum was employed therein, for our purposes
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since it enables loop integration to be carried out in terms of simply analytic
forms. However, the specic shape of the cuto is irrelevant|a consistent
chiral expansion can always be carried out to the order we are working.




















Various comments on this form are appropriate
i) This integral is plotted in Figure 1 for  = 400MeV, along with its
dimensionally regularized analog. We see that the cuto result is much
smaller than that of dimensional regularization for kaon and eta masses.
Moreover, what matters for SU(3) breaking are dierences in the intgral
between pions kaons and etas, since a constant eect can be absorbed
into chiral parameters. This dierence is quite small for the cuto ver-
sion. We conclude that most of the dimensonally regularized Feynman
integral for kaons and etas corresponds to short distance physics.
ii) The greatest contribution at long distance is seen in the cut-o scheme
to come from massless mesons, as expected. As the meson mass in-
creases, there is a decreasing eect from the long distance portion of
the integral.









m2 +m3 + : : : (19)
i.e., I(m) reduces to the dimensional regularization result|m3|plus
polynomial terms in  which are absent in the dimensional approach.
In the next section, we will see explicitly how these polynomial terms
can be absorbed in the renormalization of chiral parameters.
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+ : : : (20)
the function I(m) is found to depend upon the pseudoscalar mass to
inverse powers, meaning that the pion will contribute much more than
its heavier eta or kaon counterparts, as we expect intuitively.








Figure 1: The integral I(m) for the case of dimensional regularization (I =
m3) and in the cuto scheme with  = 400 MeV.
Our conclusion from studying the integral Eq. 14 is that the cut-o
scheme picks out the long distance part of the integral, which behaves as
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expected on physical grounds. In contrast, the dimensional form carries
with it implicit and large contributions from short distance physics. It is
not suprising then that the large short distance eects are the feature that
dominates the analysis when dimensional regularization is employed and we
will demonstrate this explicitly in the next sections.
Before returning to the physics, we analyze the other Feynman integrals
which arise in the analysis of baryon physics. In the case of baryon axial
couplings and s-wave hyperon decay the relevant heavy baryon integral which










In dimensional regularization the integral has the value
Jdim−reg(m






























We plot these forms in Fig. 2. The behavior is qualitatively similar to that
which occured with the previous integral|the dimensional form overstates
the amount of SU(3) breaking. In addition the growth in the magnitude of
the integral at large masses indicates that short distance physics dominates
the dimensionally regulated form.
The small and large mass limits of the cut-o form are given by
J(m2)
m2<<2
−! 2 +m2 ln
m2
2
+ : : : (25)
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Figure 2: The integral J(m2). The lower curve is the result in dimensional
regularization, whereas the upper curve shows the case of the cuto scheme










+ : : : (26)
so that again our intutitive expectations are met.










The dimensionally regularized form is given by
Kdim−reg(m) = m : (28)
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Once again, the integral shows no sign of its true linear divergence, and grows
at large values of m, indicating short distance dominance at large m. The








which is plotted in Fig. 3 and is there compared to the dimensionally regular-
ized form. Again we see that the long distance portion of the integral is well
behaved and that dimensional regularization overstates the SU(3) breaking













+ : : : (31)
which have the expected qualitative forms.
4 Baryon Masses
In this section we return to the physics of chiral loops, as illustrated in the
analysis of baryon masses, and deal with specic numerical results. This has
already been discussed in Ref [13], but it is pedagogically useful to revisit the
analysis in the present context. This will clearly illustrate the renormalization
program and the isolation of long-distance loop eects.
To lowest and next leading order in the derivative expansion the eective
Lagrangian which descibes the interactions of baryons can be written, in the
heavy baryon formalism, as
LMB = Tr Biv DB + dATr BS
fu; Bg+ fATr BS
[u; B]
+ dmTr Bf+; Bg+ fmTr B[+; B] + b0Tr BBTr+ : : : (32)
where + is given in terms of the quark mass matrix m via + = 2B0m,















Figure 3: The integral K(m). The upper curve is the result in dimensional
regularization, whereas the lower one shows the case of the cuto scheme
with  = 400 MeV.






is the Pauli-Lubanski spin vector. The nonlinear mesonic chiral constructs
u; u are given by





jj); u = iu
y@Uu
y (35)
Here M0; fm; dm; b0 are free parameters in terms of which the tree level con-
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tribution to the baryon masses can be written as given above in Eq. 1 with





If we continue the analysis to higher order we include the eects of quark
loops and of the higher order terms in a general Lagrangian. In an expansion
in quark mass we have the schematic form














q + : : : (37)
Here, the terms linear in the quark mass are those parametrized in Eq. 1,
where we recall thatm2P  mq. The next term in the expansion is nonanalytic
in the quark mass and comes uniquely from loop diagrams. Finally the terms
at order m2q come from yet higher order eects which we will not explicitly
consider here.
The one loop chiral corrections are well known and involve the integral
given in Eq. 14 of the previous section. In dimensional regularization this







































































This produces the large mass shifts quoted in Eq. 3. The violation of the
Gell-Mann-Okubo relation is given then by
1
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The deviation from the Gell-Mann-Okubo relation due to loops is found to




We now turn to an exploration of the analysis using the cuto regulari-
ation. The rst task is to see how the renormalization program works, such
that we can obtain exactly the same result in the limit of small masses. The
diagrams involved are the same as in the previous analysis, but we utilize
the cuto form for the Feynman integral. This is simply done by replacing
m3P in Eq. 38 by the function I(m
2
P ), expanded as in Eq. 19. The one loop














j + : : :) (41)
Obviously the term in m3j is identical to that arising in conventional dimen-
sional regularization, but more interesting are the contributions proportional









and is independent of baryon type|it may be absorbed into a renormaliza-
tion of M0|

















must be able to be absorbed into renormalizations of the coecients involving
mq, and indeed this is found to be the case|one veries that
drm = = dm −
















That this renormalization can occur involves a highly constrained set of con-
ditions and the fact that they are satised is a signicant verication of the
chiral invariance of the cuto procedure. Of course, once one has dened
renormalized coecients, since they are merely phenomenological parame-
ters which must be determined empirically, the procedure is identical to the
results of the usual dimensionally regularized technique when the masses are
smaller than the cuto.
Having convinced ourselves of the chiral invariance of the cuto procedure
to the order we are working, we can now apply it to the case where the cuto
is taken to be phenomenologically relevant|-i.e.,   1= < rB > 300−600
MeV. However, we rst remove the asymptotic mass-independent component





since these eects can be absorbed into M0 and give misleading indications
about the size of the nonanalytic eects in the large cuto limit. The size








and the corresponding numerical results are given in Table 1. A careful look
at these ndings reveals that the quantitative results are in agreement with
our qualitative expectations|for a reasonable value of the cuto parameter
, the overall size of the nonanalytic corrections is much smaller that that
found in the dimensionally regularized case since the short distance contribu-
tion from kaon, eta loops is much reduced. There is no longer any in principle
problem with the convergence of the chiral expansion and the \mystery" of
why the lowest order t linear in mq works so well is resolved. Of course,
one still must include the model-dependent contribution from short distance
eects, but there no longer exists a problem from the calculable and model-
independent long distance component.
A good t to the baryon masses can be accomplished for any value of the
cuto in the range that we consider. For example, with  = 400MeV, we
have the masses described by
MN = 1:143− 0:237 + 0:034 = 0:940
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dim.  = 300  = 400  = 500  = 600
N -0.31 0.02 0.03 0.05 0.07
 -0.62 0.03 0.05 0.08 0.12
 -0.68 0.03 0.06 0.09 0.13
 -1.03 0.04 0.08 0.12 0.17
Table 1: Given (in GeV) are the nonanalytic contributions to baryon masses
in dimensional regularization and for various values of the cuto parameter
 in MeV.
M = 1:143− 0:005 + 0:053 = 1:191
M = 1:143− 0:086 + 0:057 = 1:114
M = 1:143 + 0:106 + 0:077 = 1:326 (48)
where all numbers are given in GeV. In Eq. 48, M^0 is the rst term, the second
term comes from the leading tree level SU(3) breaking due to quark masses
parameterized as in Eq. 1 and the last term from the residual loop eects.
The tree level terms contribute 343 MeV to the -N mass splitting, while the
loop eects contribute only 43 MeV. The chiral expansion is well-behaved|
loops do not upset the basic pattern at lowest order and the approximate
SU(3) invariance is manifest. In order to disentangle M0 and b0, one has also
to take, e.g, the N {term into account [14].
Having seen how the cuto procedure can be successfully applied in the
case of the baryon masses, we can now move on the the remaining applications
{ axial coupling, nonleptonic hyperon decay, and magnetic moments { to
show how a chirally consistent picture emerges therein.
5 Axial Currents
The baryon axial couplings are parameterized in terms of the same fA; dA
coocients which appear in the Hamiltonian of Eq 4. Dening the lowest
order contribution using the notation gA(ij) = ij, we have


























(dA + fA) (49)
It is these forms which are used in SU(3) ts to hyperon beta decay.
The leading nonanalytic corrrections from loops are O(m2P lnm
2
P ) and









































































































































































































































































































(dA + fA)) (51)













with the ji given in Eq. 39. These forms generate the corrections discussed
in the introduction.
When we apply the cuto formalism we rst note that all of the nonana-
lytic behavior of the form m2 lnm2 comes uniquely from the integral that we
labeled J(m) in Section 3. This means that all that we need to do in order to
convert the analysis above to our formalism is to replace m2P lnm
2
P by J(mP )
everywhere throughout these formulas. We may again check the chiral con-

















can be absorbed into renormalizations of the lowest order axial couplings
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dA; fA via





















Since such coecients are determined empirically the analysis with small
meson masses becomes identical to that of the dimensionally regularized
case.
In the case of a physically realistic cuto|  300−600 MeV| and the
















where we have again removed the asymptotic mass-independent component
of the function J(M2) via
~J(m2) = J(m2)− 2 (56)
The numerical results using typical values of the cuto are compared with
those from dimensional regularization in Table 2 and again reflect the feature
that the SU(3) chiral expansion is now under control at least as far as long
distance eects are concerned|the \mystery" of the correctness of the simple
SU(3) t without chiral corrections is resolved.
6 S-wave hyperon decay
Chiral invariance relates the S-wave nonleptonic decay amplitudes to the
baryon-to-baryon matrix elements of the weak Hamiltonian. For the dom-
inant octet Hamiltonian this can be paramterized in terms of two SU(3)
coecientsfw ; dw:















dim. =300 =400 =500 =600
gA(pn) 1.72 0.37 0.53 0.69 0.84
gA(p) -1.78 -0.34 -0.51 -0.67 -0.84
gA(
−) 1.17 0.23 0.34 0.45 0.56
gA(n
−) 0.36 0.07 0.10 0.14 0.17
gA(
−) 0.83 0.15 0.23 0.31 0.39
gA( 0
−) 2.46 0.45 0.68 0.91 1.15
Table 2: Given are the nonanalytic contribtions to gA for various transitions
in dimensional regularization and for various values of the cuto parameter
 in MeV.



















(dw − 3fw) (58)
This yields a good t to the data, including the chiral SU(3) results given in
Eq. 5.
Proceeding to one-loop order, the leading nonanalytic corrections are also
dependent upon m2P lnm
2
































































































































































































































































































 = 0 (60)

















d2A + 3dAfA +
9
2
f 2A) + fw(
3
2




































 −6:4 10−7 (61)
When analysed using the physical values of the masses, we uncover the prob-
lems described in the introduction.
A very similar analysis obtains as was describe in the situation for the
axial currents. In the cuto formalism the nonanalytic pieces proportional
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dim. =300 =400 =500 =600
A(00) -3.57 -0.62 -0.95 -1.30 -1.65
A(00) 1.96 0.36 0.54 0.73 0.92
A(+0 ) -1.57 -0.26 -0.41 -0.56 -0.72
Table 3: Given are the nonanalytic contributions to s-wave semileptonic hy-
peron decay amplitudes in dimensional regularization and for various values
of the cuto parameter  in MeV.
to m2 lnm2 are simply replaced by the function J(m2). Again, the chiral
consistency of of the renormalization program can be veried by noting that













can be absorbed into renormalized values of the lowest order couplings fw; dw
via





















Once this renormalization is accomplished, we exactly recover the usual chiral
analysis.
In the case of a physically realistic masses, we again use the same mass-
independent renormalization to dene the residual integral ~J(m). The shift
















The numerical results are compared with those of dimensional regularization
in Table 3 and it is clear that once again the results are dominated by the
lowest order SU(3) forms|there no longer exist large chiral corrections.
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7 Magnetic moments
The nal case considered here is that of magnetic moments. The lowest
order parameterization is given in Eq. 8. The leading nonanalytic chiral
corrections are linear in mP and were rst calculated by Caldi and Pagels.








p = −(fA + dA)






n = (dA + fA)
2; Kn = −(dA − fA)
2










+ = −(dA + fA)
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0 = −(dA − fA)
2; K0 = (dA + fA)
2 (66)
In this analysis, all Feynman integrals are given by the linear form called
K(m) in Section 3. The general result appropriate for a cuto regularization
is obtained by replacing the nonanalytic dependence mP by K(m). We can
again verify that the leading term in  can be absorbed into the renormaliza-
tion of the chiral parameters, leading to an identical analysis for small values








shows that it be absorbed into renormalizations of the lowest order parame-
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ters f; d via













Since f; d are determined empirically, the analysis is then identical to that
of the dimensionally regularized case.
On the other hand with the use of a physically realistic cuto and meson
masses, the magnetic moment shifts cam be obtained by using the mass
independent renormalization given by











The numerical results for this form for reasonable values of the cuto are
compared with those from dimensional regularization in Table 4. Again the
chiral corrections are no longer out of control.
8 Summary
We have seen above that a signicant component of the poor convergence
seen in previous calculations in SU(3) baryon chiral perturbation theory is
due to the inclusion of large and spurious short-distance contributions when
loop processes are regularized dimensionally. The use of a momentum space
cuto keeps only the long distance portion of the loops and leads to a greatly
improved behavior. Indeed although we have formulated our discussion in
terms of merely a dierent sort of regularization procedure within the general
framework of chiral perturbation theory, it is interesting to note that our
results are quite consistent with the sort of SU(3) breaking eects found in
chiral connement models such as the cloudy bag, when the eects of kaon
and/or eta loops is isolated.[15]
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dim. =300 =400 =500 =600
p 0.76 0.22 0.27 0.31 0.34
n -0.22 -0.12 -0.14 -0.15 -0.16
 -0.43 -0.08 -0.11 -0.13 -0.15
+ 1.05 0.24 0.30 0.36 0.40
0 0.44 0.08 0.11 0.13 0.15
− -0.18 -0.08 -0.09 -0.10 -0.11
 0.39 0.12 0.14 0.16 0.18
− -0.52 -0.10 -0.13 -0.16 -0.18
0 -0.90 -0.17 -0.22 -0.26 -0.30
Table 4: Given are the nonanalytic contributions to magnetic moments in
dimensional regularization and for various values of the cuto parameter 
in MeV.
We might ask why baryon chiral perturbation theory has this problem
while mesonic chiral theories do not. Most applications in mesons work
perfectly well using dimensional regularization. At rst sight one might argue
that the separation scale in baryons corresponds to lower energies because
the physical size of baryons is larger than mesons. While this is a true
statement, it does not really answer the question, since the baryon problem
surfaces entirely within the point particle theory. For some reason, given
the same meson masses, the loop corrections are larger in the baryonic point
particle theory compared to a mesonic point particle theory. This feature can
perhaps be blamed on the baryon propagator in the loop integral which, being
linear in the momentum, suppresses high momentum contributions less than
a corresponding quadratic mesonic propagator. However, the existence of the
problem is beyond doubt, given the troubles discussed in the introduction.
Fortunately, we do not as a consequence have to abandon all such chiral
calculations|a revised regularization scheme seems capable of resolving the
problem.
The simplicity that underlies baryon physics is more evident when chiral
loops are calculated with a long-distance regularization. In this context, we
hope that baryon chiral perturbation theory will become more phenomeno-
logically useful. One can hopefully now use the chiral calculations in order to
29
provide a model independent description of the very long distance physics,
and this can be a welcome addition to our techniques for describing the low
energy phenomenology of baryons.
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